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Near surface óskin coolingô or ódouble-wallô internal 

cooling arrangement leads to a significant reduction of  

metal surface temperature, ~50 ï100 C̄, compared to 

conventional serpentine cooling designs

Airfoil metal temperature distributions (in K) 

hc=3000W/m2-K

ü Gas temperature:  Hydrogen-fired turbine 

(~1430oC)

One key will be the marriage of design and

manufacturing to bring about the concurrent

use of engineered micro cooling or

transpiration, with the ability of additive

manufacturing. If successful, this combination

could see a further 50% reduction in coolant

usage for turbines.

Bunker RS. Evolution of Turbine Cooling. ASME. Turbo Expo: Power for Land, Sea, and 

Air, Volume 1: Aircraft Engine; Fans and Blowers; Marine; Honors and Awards 

():V001T51A001. doi:10.1115/GT2017-63205. 

Need for Turbine Cooling
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Substrate

(Superalloy)

ODS Structural Layer
ŬAl2O3 / NiO

Internal Cooling 

Passage

ODS Layer 

Cooling Passage

Near Surface Embedded Cooling Channel (NSECC ) Integrated Transpiration and Lattice Cooling Systems 

Internal 

Cooling

Hollow Lattice

ODS with AM
ü Both internal and external protection.

üOxidation Resistance

ü Realized with additive manufacturing 

ODS

Enhanced oxidation 

resistance and high 

temperature strength

Advanced Additive 

Manufacturing

Intricate Heat Transfer 

Enhancement Features

Enhanced Heat Removal
ü NSECC: high internal heat transfer and 

higher coolant flow near hot end wall.

ü Lattice and transpiration combined 

conjugate cooling: ~2x of state-of-the-art 

film cooling.

Novel ODS Surface Coating 

ü Ultra-High Temperature (1200 C̄) 

Strength: thinner outer wall for 

better cooling

üOxidation Resistance

ü Higher turbine inlet temperatures

Proposed Technologies



5

Lab-Scale Heat Transfer 

Characterization
ÅCFD modeling & steady state 

and scaled TLC testing

ÅMini/micro scale cellular units

ODS Powder Fabrication 

and Characterization 
ÅMCB/BM for powders fabrication 

ÅCharacterization

Thermal Cyclic Testing
ÅIn-situ non-destructive micro 

indentation facility

ÅThermal Cyclic Tests, Micro-

hardness

Process Optimization to 

Fabricate ODS 

Transpiration and Lattice 

Structures 
ÅDMLS, BJT printing parameters

ÅPosting printing characterization

ÅOM, SEM

Cooling Geometry 

Design
ÅTranspiration and Lattice 

Geometry development 

and optimization 

Goal: Enhanced Oxidation Resistance and Thermal 

Protection of Turbine Blades 

Project Breakdown



6

Milestone Title Planned Date

A - Identify prototypes for integrated transpiration and internal cooling 6/30/2018

B - Identify optimal configurations for integrated transpiration and 

internal cooling
9/30/2019

C - Integrate new unit types into the optimization algorithm for ODS 

lattice structure
12/30/2019

D - Identify the capability of AM equipment to print ODS Structure 9/30/2018

E - Develop successful approach to make ODS Structure for integrated 

transpiration and internal cooling
5/31/2022

(Descoped)

F - Complete high temperature experiments for integrated cooling 

structures made from ODS 

G - Develop successful approach to produce ODS powder suitable for 

additive manufacturing and lattice structures
9/30/2019

H - Complete thermal cyclic loading tests 5/31/2021

Milestones
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As metallic additive manufacturing technologies advance significantly over the recent past, complex 

metal products, such as turbine components, can be manufactured by this innovative technology. 

Bind Jetting

(EXOne)

Direct Metal 

Laser 

Sintering(EOS)

Direct Energy 

Deposition 

(LENS)

Pros: geometry free 

cons: high porosity

Pros: complex geometry

cons: single material

Pros: multiple materials 

cons: no overhangs or 

unsupported structure

AM Processes
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Å High Anti-oxidation Resistance                     

Å High Temperature Mechanical Strength

Å Comparable Strength with Casting

Å Complexity and Design Freedom

Å Fast and Low-cost Fabrication for 

Intricate Features

ODS

AM

Transpiration Cooling

ü Concept: The coolant was forced through a porous wall or multiple micro-cooling channels 

to form an insulating layer of coolant film between the outer wall surface and hot stream.

ü Challenges

Å Oxidation due to Vortex Mixing with Hot Gas

Å Mechanical Strength Concern with Porous Media

Å Manufacturing Difficulties

Mainstream

Transpiration Cooling

ÅUniform coolant film coverage

ÅEnhanced heat removal ability 

due to higher inner-wall heat 

transfer
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